fective restorer nuclear genes for the CMS-P cytoplasm (Geiger and Miedaner 1996; Miedaner et al. 1997) .
For each of the 26 populations, 9-185 individuals were randomly chosen to determine their cytoplasm type by using SCAR markers. DNA was extracted from young leaves with the single-step method described by Thomson and Henry (1995) . PCR conditions and primer sequences are described in Stoja³owski et al. (2006) . The only modification concerns a doubling of the annealing time to 90 seconds for marker nad2, substantially improving the PCR product amplification. In total, 2604 individual plants representing the 26 populations were characterised by using 3 mitochondrial SCAR markers (SCAR test). Additionally, to verify molecular marker results, for 253 plants the conventional PGI test was performed. Details of the PGI test are given by £apiñski and Stoja³owski (2003) . To distinguish normal vs. sterilizing cytoplasm, the double non-restorer lines 541 and 711 were used. To identify the sterility-inducing cytoplasm type, the plants were crossed with the 2020LM-3 inbred line, kindly provided by Dr. Lucjan Madej (Plant Breeding and Acclimatization Institute, Radzików). This line acts as a restorer in CMS-V and as a non-restorer in CMS-P, similar to the L1 line used in previous studies (£apiñski and Stoja³owski 2003) .
In all but one of the Polish open-pollinated populations, the CMS-V cytoplasm was detected in 74-100% of the tested individuals (Table 1) . In cultivar 'Warko', represented by almost 100 individuals, and in the small population of 'Zduno', no other cytoplasm type was found. In all the others, at least one plant with normal cytoplasm was present. Regarding the plasmotypic structure, the population 'Dañkowskie Diament' appears to be markedly distinct from the other analysed open-pollinated cultivars. In this population, only sterility-inducing cytoplasm was identified: 95% of individuals contain CMS-P and 5% contain the CMS-V cytoplasm.
The presence of CMS-V in a great majority of plants originating from European cultivated rye populations was reported previously (£apiñski and Stoja³owski 2003) . Until now, reports on CMS-P present in European populations were incidental (Kobylyanskii et al. 1994; Warzecha and Salak-Warzecha 1996) . Therefore, the high frequency of plants carrying the CMS-P cytoplasm in 'Dañkowskie Diament' seems to be caused by hybrid and population breeding programmes carried out within that breeding company (DANKO Plant Breeding Ltd.), rather than by natural occurrence of CMS-P in European rye populations. Similar conclusions can be drawn for the synthetic population represented in this study, the German cultivar 'Caroass'.
As expected, the CMS-P cytoplasm only occurred at a high frequency in the 2 hybrid cultivars analysed. In 'Gradan F 1 ' no other cytoplasm was detected, while in 'Nawid F 1 ' some plants with CMS-V and normal cytoplasm were present. In both tested hybrids, a population cultivar was employed as a restorer component. The standard method of commercial hybrid seed production employs a mixture of 95% male-sterile single cross and 5% restorer parents, which explains the results obtained for 'Nawid F 1 '. The lack of plants with cytoplasm other than CMS-P in 'Gradan F 1 ' suggests nonstandard seed production or the use of a restorer population with the CMS-P cytoplasm.
In the five analysed populations from Iran, predominantly normal cytoplasm was observed (Table 1). No CMS-V cytoplasm was detected in plants originating from these populations. However, in IRAN I and IRAN IX, some individuals with the CMS-P cytoplasm were present. The cytoplasm types of South American populations were heterologous. The normal and CMS-P cytoplasm were present in all 3 analysed populations. CMS-V was not detected in 'San Jose', but occurred frequently in 'Pico Massaux', and occasionally in 'Trenelense'.
The discovery of effective restorer genes for CMS-P in rye originating from South America (Geiger and Miedaner 1996; Miedaner et al. 1997 ) is in agreement with the CMS-P cytoplasm occurring in different populations from this region, as reported previously (£apiñski and Stoja³owski 2003; Stoja³owski et al. 2006 ) and confirmed in this study.
The presence of efficient restorer genotypes in Iranian rye can be only partially explained by the occurrence of the CMS-P cytoplasm. Plants with CMS-P were identified in primitive rye from Iran, but they were infrequent (Figure 1 ) and occurred in only 2 of the 5 populations analysed (Table 1) .
On 253 plants the PGI test and SCAR marker analysis were preformed simultaneously. The results of the PGI test were consistent with the SCAR test in all cases (Table 1) . In 22 individuals only the first step of the PGI test was done, leading to the statement that sterility-inducing cytoplasm was present in them, but the type of CMS was not identified. The confirmation of the SCAR test re-sults by the conventional PGI test highlights the practical use of these SCAR markers for cytoplasm identification in rye plants.
Remarkable differences concerning the plasmotypic structure of populations from distinct regions studied here can be noticed. The normal cytoplasm is present in the majority of plants from Iranian and South American populations (Figure 1 ). In South American plants, the Pampa sterility-inducing cytoplasm is also very frequent, while in Polish open-pollinated cultivars the CMS-V cytoplasm is predominant and CMS-P is present mainly in hybrid cultivars.
